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Ape`ndix B
Codi en C/C++
B.8 Func geominterface 2.h
func geominterface 2.h
/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗ This program i s an adapta t ion of Jan Rose l l and Alexander Prez work . ∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗ Copyright (C) 2008 by Jan Rose l l and Alexander Prez ∗
∗ jan . rose l l@upc . edu − alexander . perez@upc . edu ∗
∗ ∗
∗ This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/or modify ∗
∗ i t under the terms of the GNU General Pub l i c License as pub l i shed by ∗
∗ t he Free Sof tware Foundation ; e i t h e r vers ion 2 of the License , or ∗
∗ ( at your opt ion ) any l a t e r vers ion . ∗
∗ ∗
∗ This program i s d i s t r i b u t e d in the hope t ha t i t w i l l be use fu l , ∗
∗ but WITHOUT ANY WARRANTY; wi thout even the impl i ed warranty o f ∗
∗ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the ∗
∗ GNU General Pub l i c License f o r more d e t a i l s . ∗
∗ ∗
∗ You should have r e c e i v e d a copy of the GNU General Pub l i c License ∗
∗ along with t h i s program ; i f not , wr i t e to the ∗
∗ Free Sof tware Foundation , Inc . , ∗
∗ 59 Temple Place − Sui t e 330 , Boston , MA 02111−1307 , USA. ∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
#ifndef GEOMINTERFACE 2 H
#define GEOMINTERFACE 2 H
#include ” u i geominter f aceUI P8 . h”
#include <QWidget>
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#include <QObject>
#include <Inventor /Qt/SoQt . h>
#include <Inventor /nodes /SoSeparator . h>
#include <boost /numeric / ublas / vector . hpp>
#include <boost /numeric / ublas /matrix . hpp>
#include ” geomet r y c l a s s e s / geomobject . h”
class geomobject ;
class geominter f ace 2 : public QWidget , private Ui : : geominter faceUI P8
{
Q OBJECT
public :
// !Non−void cons t ruc tor
geominter f ace 2 (QWidget ∗parent , s td : : vector <geomobject ∗> vectptr ,
const boost : : numeric : : ublas : : matrix<double> c o n f i g l i s t ) ;
geominter f ace 2 (QWidget ∗parent , s td : : vector <geomobject ∗> vectptr ,
const boost : : numeric : : ublas : : matrix<double> c o n f i g l i s t ,
const boost : : numeric : : ublas : : matrix<double> pod ) ;
// ! Destructor
˜ geominter f ace 2 ( ) ;
private :
// ! vec tor o f po in t e r s to the geomobjects o f t he scene
std : : vector <geomobject ∗> vectgeomobjects ;
// ! Pointer to inventor scene
SoSeparator ∗ IVScene ;
// ! t imer f o r the n t e rpo l a t i on of the motion towards the i n i t i a l
// con f i g u ra t i on
QTimer ∗ clearTimer ;
boost : : numeric : : ublas : : matrix<double> c o n f i g l i s t p ;
boost : : numeric : : ublas : : matrix<double> pod p ;
private s l o t s :
// ! S l o t to c l e a r the t e x t box when pushing the c l e a r but ton
void c l e a r ( ) ;
// ! S l o t to change the pos i t i on of the manipulated o b j e c t
void changePos i t i on ( int t ) ;
// ! S l o t to change the or i en t a t i on of the manipulated o b j e c t
void changeOrientationRX( int t ) ;
// ! S l o t to change the or i en t a t i on of the manipulated o b j e c t
void changeOrientationRY( int t ) ;
// ! S l o t to change the or i en t a t i on of the manipulated o b j e c t
void changeOrientationRZ ( int t ) ;
// ! S l o t to t e s t c o l l i s i o n s
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void t e s t C o l l i s i o n s ( ) ;
// ! S l o t to t e s t d i s tance
void t e s tD i s t ance ( ) ;
// ! S l o t to i n t e r p o l a t e (and show ) the motion towards the i n i t i a l
// con f i g u ra t i on
void c l e a r t imeou t ( ) ;
void numSample ( int n) ;
} ;
#endif
func geominterface 2.cpp
/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗ This program i s an adapta t ion of Jan Rose l l and Alexander Prez work . ∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗ Copyright (C) 2008 by Jan Rose l l and Alexander Perez ∗
∗ jan . rose l l@upc . edu − alexander . perez@upc . edu ∗
∗ Uni v e r s i t a t Po l i t e cn i c a de Catalunya ∗
∗ Barcelona , Spain ∗
∗ ∗
∗ CLASS cube ∗
∗ ∗
∗ Jan Rose l l ∗
∗ mai 2008 ∗
∗ ∗
∗ ∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
/∗ ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
∗ Copyright (C) 2008 by Jan Rose l l ∗
∗ jan . rose l l@upc . edu ∗
∗ ∗
∗ This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/or modify ∗
∗ i t under the terms of the GNU General Pub l i c License as pub l i shed by ∗
∗ t he Free Sof tware Foundation ; e i t h e r vers ion 2 of the License , or ∗
∗ ( at your opt ion ) any l a t e r vers ion . ∗
∗ ∗
∗ This program i s d i s t r i b u t e d in the hope t ha t i t w i l l be use fu l , ∗
∗ but WITHOUT ANY WARRANTY; wi thout even the impl i ed warranty o f ∗
∗ MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the ∗
∗ GNU General Pub l i c License f o r more d e t a i l s . ∗
∗ ∗
∗ You should have r e c e i v e d a copy of the GNU General Pub l i c License ∗
∗ along with t h i s program ; i f not , wr i t e to the ∗
∗ Free Sof tware Foundation , Inc . , ∗
∗ 59 Temple Place − Sui t e 330 , Boston , MA 02111−1307 , USA. ∗
∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗ ∗/
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#ifndef GEOMINTERFACE 2 CPP
#define GEOMINTERFACE 2 CPP
#include <Inventor /nodes /SoCube . h>
#include <Inventor /Qt/SoQt . h>
#include <Inventor /Qt/ v i ewer s /SoQtExaminerViewer . h>
#include <sstream>
#include <i ostream>
#include ” geominter f ace 2 . h”
#include <boost /numeric / ublas / vector . hpp>
#include <boost /numeric / ublas /matrix . hpp>
#include <boost /numeric / ublas / i o . hpp>
#include ”prog / f un c g r a f c o l l ma . h”
#include ” c o l l i s i o n c l a s s e s / pqpobject . h”
#include ”QApplication ”
#include ” Inventor /Qt/SoQt . h”
#include ” QFi l e In f o ”
#include ”QDir”
#include ”QString”
#include ”QtGui”
#include ” t e s t c l a s s e s / s t r u cpa r s e . h”
// using namespace s td ;
// inc l ud ing <QtGui> saves us to inc lude every c l a s s user , <QString >, <QFileDialog > , . . .
//The f i r s t e lement o f the vec tor o f o b j e c t s i s t he one de f ined as movable
int movingObject=0;
double wor ldS i ze = 5 . 0 ;
geominter f ace 2 : : geominter f ace 2 (QWidget ∗parent , s td : : vector<geomobject ∗> vectptr ,
const boost : : numeric : : ublas : : matrix<double> c o n f i g l i s t )
{
vectgeomobjects = vectptr ;
c o n f i g l i s t p = c o n f i g l i s t ;
setupUi ( this ) ; // t h i s s e t s up GUI
// s i g n a l s / s l o t s mechanism in ac t ion
connect ( ResetButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( c l e a r ( ) ) ) ;
connect ( DistanceButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( te s tD i s t ance ( ) ) ) ;
connect ( Col l ideButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( t e s tC o l l i s i o n s ( ) ) ) ;
// Pos i t i on s l i d e r s
connect ( hor i zonta lS l i derTX , SIGNAL( valueChanged ( int ) ) , this ,
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SLOT( changePos i t i on ( int ) ) ) ;
connect ( hor i zonta lS l i derTY , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changePos i t i on ( int ) ) ) ;
connect ( hor i zonta lS l i derTZ , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changePos i t i on ( int ) ) ) ;
//Orien ta t ion s l i d e r s
connect ( hor i zonta lS l i derRX , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRX( int ) ) ) ;
connect ( hor i zonta lS l i derRY , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRY( int ) ) ) ;
connect ( hor i zonta lS l i derRZ , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRZ ( int ) ) ) ;
connect ( spinBoxConfig , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( numSample ( int ) ) ) ;
IVScene = new SoSeparator ( ) ;
IVScene−>r e f ( ) ;
for (unsigned int i =0; i<vectgeomobjects . s i z e ( ) ; i++)
IVScene−>addChild ( vectgeomobjects [ i ]−>getInventorModel ( ) ) ;
SoQtExaminerViewer ∗ s cenev i ewer = new SoQtExaminerViewer ( widgetCoin3D ) ;
sceneviewer−>setSceneGraph ( IVScene ) ;
sceneviewer−>show ( ) ;
c l earTimer = new QTimer( this ) ;
connect ( c learTimer , SIGNAL( timeout ( ) ) , SLOT( c l ea r t imeou t ( ) ) ) ;
numSample (0) ;
}
geominter f ace 2 : : geominter f ace 2 (QWidget ∗parent , s td : : vector <geomobject ∗> vectptr ,
const boost : : numeric : : ublas : : matrix<double> c o n f i g l i s t ,
const boost : : numeric : : ublas : : matrix<double> pod )
{
vectgeomobjects = vectptr ;
c o n f i g l i s t p = c o n f i g l i s t ;
pod p = pod ;
setupUi ( this ) ; // t h i s s e t s up GUI
// s i g n a l s / s l o t s mechanism in ac t ion
connect ( ResetButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( c l e a r ( ) ) ) ;
connect ( DistanceButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( te s tD i s t ance ( ) ) ) ;
connect ( Col l ideButton , SIGNAL( c l i c k ed ( ) ) , this , SLOT( t e s t C o l l i s i o n s ( ) ) ) ;
// Pos i t i on s l i d e r s
connect ( hor i zonta lS l i derTX , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changePos i t i on ( int ) ) ) ;
connect ( hor i zonta lS l i derTY , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changePos i t i on ( int ) ) ) ;
connect ( hor i zonta lS l i derTZ , SIGNAL( valueChanged ( int ) ) , this ,
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SLOT( changePos i t i on ( int ) ) ) ;
// Orien ta t ion s l i d e r s
connect ( hor i zonta lS l i derRX , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRX( int ) ) ) ;
connect ( hor i zonta lS l i derRY , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRY( int ) ) ) ;
connect ( hor i zonta lS l i derRZ , SIGNAL( valueChanged ( int ) ) , this ,
SLOT( changeOrientationRZ ( int ) ) ) ;
connect ( spinBoxConfig , SIGNAL( valueChanged ( int ) ) ,
this , SLOT( numSample ( int ) ) ) ;
IVScene = new SoSeparator ( ) ;
IVScene−>r e f ( ) ;
for (unsigned int i =0; i<vectgeomobjects . s i z e ( ) ; i++)
IVScene−>addChild ( vectgeomobjects [ i ]−>getInventorModel ( ) ) ;
SoQtExaminerViewer ∗ s cenev i ewer = new SoQtExaminerViewer ( widgetCoin3D ) ;
sceneviewer−>setSceneGraph ( IVScene ) ;
sceneviewer−>show ( ) ;
c l earTimer = new QTimer( this ) ;
connect ( c learTimer , SIGNAL( timeout ( ) ) , SLOT( c l ea r t imeou t ( ) ) ) ;
numSample (0) ;
}
void geominter f ace 2 : : numSample ( int n)
{
std : : o s t r ings t r eam s t ;
s td : : vector <geomobject∗> ob j e c t s ;
ob j e c t s = vectgeomobjects ;
int n f i l = c o n f i g l i s t p . s i z e 1 ( ) ;
int i ;
boost : : numeric : : ublas : : vector <double> con f i g mai (30) ;
int k ;
i f (n >= n f i l ) k = n f i l −1;
else k = n ;
for ( i = 0 ; i < 30 ; i++) con f i g mai ( i ) = c o n f i g l i s t p (k , i ) ;
i f ( ( pod p . s i z e 1 ( ) == 3) && ( pod p . s i z e 2 ( ) == 8) ) {
s e t c o n f i g ob j e c t s p od ( con f i g mai , pod p , ob j e c t s ) ;
s t << ” con f i g + pod − NUM SAMPLE ” << k << ” o f ” << n f i l −1 << endl ;
}
else {
s e t c o n f i g o b j e c t s ( con f i g mai , ob j e c t s ) ;
s t << ” con f i g − NUM SAMPLE ” << k << ” o f ” << n f i l −1 << endl ;
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}
textBrowserOutputText−>setText ( s t . s t r ( ) . c s t r ( ) ) ;
}
void geominter f ace 2 : : t e s t C o l l i s i o n s ( )
{
std : : o s t r ings t r eam s t ;
int n ;
s t << ”Test Co l l i s i o n s : ”<< endl ;
for ( int i =0; i<vectgeomobjects . s i z e ( ) ; i++)
{
n = vectgeomobjects [ i ]−>co l l i demode l−>g e tA l l C o l l i s i o n s ( ) ;
s t << ” ob j e c t ” << i << ” c o l l i d e s with ”<< n << ” ob j e c t ( s ) ” << endl ;
}
// in t n = vec t geomob jec t s [ movingObject]−>co l l i demode l −>g e tA l l C o l l i s i o n s () ;
// i f (n) s t << ”Test Co l l i s i o n s : \ nCo l l i d i n g with ” << n << ” o b j e c t ( s ) ” << endl ;
// e l s e s t << ”Test Co l l i s i o n s : \nFree con f i g u ra t i on ” << endl ;
textBrowserOutputText−>setText ( s t . s t r ( ) . c s t r ( ) ) ;
// vec t geomob jec t s [1]−> co l l i demode l−>g e t A l l Co l l i s i o n s () ;
}
void geominter f ace 2 : : t e s tD i s t ance ( )
{
vector <double> d i s t ;
vectgeomobjects [ movingObject]−>co l l i demode l−>ge tA l lD i s t ance s(& d i s t ) ;
s td : : o s t r ings t r eam s t ;
s t << ”Test Di s tances : ” << endl ;
// cout << ”p4 ” << d i s t . s i z e ( )<< endl ;
for (unsigned int i =0; i<d i s t . s i z e ( ) ; i++)
{
s t << d i s t [ i ] << ” ” ;
}
s t << endl ;
textBrowserOutputText−>setText ( s t . s t r ( ) . c s t r ( ) ) ;
}
void geominter f ace 2 : : c l e a r ( )
{
//Home−made i n t e r p o l a t i on using a t imer
// in t e rna l t ime r i s connected to s l o t func t ion c lear t imeout () ;
clearTimer−>s t a r t ( 50 ) ;
//A po s s i b l e a l t e r n a t i v e i s to use the
// inventor i n t e r p o l a t i on engine ( SoInterpo la t eVec3f )
// but we l o s e the con t ro l o f t he exac t c on f i g u ra t i on
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// of the i n t e r p o l a t e d path :
/∗
SbVec3f i n i ( p [ 0 ] , p [ 1 ] , p [ 2 ] ) ;
SbVec3f goa l ( p i n i [ 0 ] , p i n i [ 1 ] , p i n i [ 2 ] ) ;
SoIn te rpo la t eVec3f ∗ i n t e rp = new SoInterpo la t eVec3f ;
in t e rp−>input0 . se tValue ( i n i ) ;
in t e rp−>input1 . se tValue ( goa l ) ;
vec t geomob jec t s [ movingObject]−> ivTransf−>t r an s l a t i on . connectFrom(&interp−>output ) ;
SoOneShot ∗oneShot = new SoOneShot ;
in t e rp−>alpha . connectFrom(&oneShot−>ramp) ;
oneShot−>t r i g g e r . touch () ;
∗/
}
void geominter f ace 2 : : c l e a r t imeou t ( )
{
stat ic int i =0;
stat ic mt : : Point3 stept , p i n i ;
stat ic mt : : Rotation q in i , q ;
stat ic int maxsteps ;
double s i z e s t e p s = 0 . 1 ;
i f ( i==0)
{
mt : : Point3 pcurrent=vectgeomobjects [ movingObject]−>getTrans l a t i on ( ) ;
mt : : Rotation qcur r ent=vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
double d i s t = qcur r ent . d i s t ance ( q i n i ) ;
double d i s t 2 = pcurrent . d i s t ance ( p i n i ) ;
i f ( d i s t2 >d i s t ) d i s t = d i s t 2 ;
// the 2 i s necessary to always reduce the d i s tance . . .
maxsteps = ( d i s t / s i z e s t e p s )+2;
// t r an s l a t i on
mt : : Point3 p , d e l t a ;
p i n i = vectgeomobjects [ movingObject]−> g e t I n i t i a l T r an s l a t i o n ( ) ;
p = vectgeomobjects [ movingObject]−>getTrans l a t i on ( ) ;
d e l t a = p in i − p ;
s t ep t = de l t a /maxsteps ;
// ro t a t i on
q i n i = vectgeomobjects [ movingObject]−>g e t I n i t i a lR o t a t i o n ( ) ;
q = vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
}
vectgeomobjects [ movingObject]−> t r a n s l a t e ( s t ep t ) ;
vectgeomobjects [ movingObject]−>s e tRotat i on ( q . s l e r p ( q in i , ( double) i /maxsteps ) ) ;
i++;
char s t [ 8 0 ] ;
mt : : Point3 pcurrent=vectgeomobjects [ movingObject]−>getTrans l a t i on ( ) ;
mt : : Rotation qcur r ent=vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
double r d i s t = qcur r ent . d i s t ance ( q i n i ) ;
double t d i s t = pcurrent . d i s t ance ( p i n i ) ;
s p r i n t f ( st , ” Pos i t i on (%.1 f %.1 f %.1 f ) \n Rot d i s t = %f \n Trans d i s t = %f \n” ,
pcurrent [ 0 ] , pcurrent [ 1 ] , pcurrent [ 2 ] , r d i s t , t d i s t ) ;
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textBrowserOutputText−>setText ( s t ) ;
i f ( vectgeomobjects [ movingObject]−>co l l i demode l−>g e tA l lC o l l i s i o n s ( ) )
{
textBrowserOutputText−>setText ( ” Co l l i d i ng . . . ” ) ;
i =0;
c learTimer−>stop ( ) ;
}
else i f ( i==maxsteps )
{
// textBrowserOutputText−>se tTex t (”End Reset motion ”) ;
i =0;
c l earTimer−>stop ( ) ;
}
}
void geominter f ace 2 : : changePos i t i on ( int t )
{
stat ic f loat in iX =0.0;
stat ic f loat in iY =0.0;
stat ic f loat i n i Z =0.0;
f loat x = ( f loat ) hor i zonta lS l i derTX−>value ( ) − in iX ;
f loat y = ( f loat ) hor i zonta lS l i derTY−>value ( ) − in iY ;
f loat z = ( f loat ) hor i zonta lS l i derTZ−>value ( ) − i n i Z ;
in iX = ( f loat ) hor i zonta lS l i derTX−>value ( ) ;
in iY = ( f loat ) hor i zonta lS l i derTY−>value ( ) ;
i n i Z = ( f loat ) hor i zonta lS l i derTZ−>value ( ) ;
mt : : Point3 p(x , y , z ) ;
p = p∗wor ldS i ze /1000 . 0 ; //1000 i s de f ined by the s l i d e r
vectgeomobjects [ movingObject]−> t r a n s l a t e (p ) ;
char s t [ 8 0 ] ;
p=vectgeomobjects [ movingObject]−>getTrans l a t i on ( ) ;
s p r i n t f ( st , ” Pos i t i on (%.1 f %.1 f %.1 f ) \n” ,p [ 0 ] , p [ 1 ] , p [ 2 ] ) ;
textBrowserOutputText−>setText ( s t ) ;
}
void geominter f ace 2 : : changeOrientationRX( int t )
{
stat ic f loat i n i =0.0;
f loat rx = ( f loat ) hor i zonta lS l i derRX−>value ( ) − i n i ;
i n i = ( f loat ) hor i zonta lS l i derRX−>value ( ) ;
mt : : Unit3 ax i s ( 1 . 0 , 0 . 0 , 0 . 0 ) ;
mt : : Sca l ar angle = rx∗TWO PI/1000;
mt : : Rotation r ( axi s , angle ) ;
vectgeomobjects [ movingObject]−> r o ta t e ( r ) ;
char s t [ 8 0 ] ;
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r=vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
mt : : Matrix3x3 m = r . getMatr ix ( ) ;
s p r i n t f ( st ,
”Rotation : \ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n” ,
m[ 0 ] [ 0 ] , m[ 0 ] [ 1 ] , m[ 0 ] [ 2 ] ,
m[ 1 ] [ 0 ] , m[ 1 ] [ 1 ] , m[ 1 ] [ 2 ] ,
m[ 2 ] [ 0 ] , m[ 2 ] [ 1 ] , m[ 2 ] [ 2 ] ) ;
textBrowserOutputText−>setText ( s t ) ;
}
void geominter f ace 2 : : changeOrientationRY( int t )
{
stat ic f loat i n i =0.0;
f loat ry = ( f loat ) hor i zonta lS l i derRY−>value ( ) − i n i ;
i n i = ( f loat ) hor i zonta lS l i derRY−>value ( ) ;
mt : : Unit3 ax i s ( 0 . 0 , 1 . 0 , 0 . 0 ) ;
mt : : Sca l ar angle = ry∗TWO PI/1000;
mt : : Rotation r ( axi s , angle ) ;
vectgeomobjects [ movingObject]−> r o ta t e ( r ) ;
char s t [ 8 0 ] ;
r=vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
mt : : Matrix3x3 m = r . getMatr ix ( ) ;
s p r i n t f ( st ,
”Rotation : \ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n” ,
m[ 0 ] [ 0 ] , m[ 0 ] [ 1 ] , m[ 0 ] [ 2 ] ,
m[ 1 ] [ 0 ] , m[ 1 ] [ 1 ] , m[ 1 ] [ 2 ] ,
m[ 2 ] [ 0 ] , m[ 2 ] [ 1 ] , m[ 2 ] [ 2 ] ) ;
textBrowserOutputText−>setText ( s t ) ;
}
void geominter f ace 2 : : changeOrientationRZ ( int t )
{
stat ic f loat i n i =0.0;
f loat r z = ( f loat ) hor i zonta lS l i derRZ−>value ( ) − i n i ;
i n i = ( f loat ) hor i zonta lS l i derRZ−>value ( ) ;
mt : : Unit3 ax i s ( 0 . 0 , 0 . 0 , 1 . 0 ) ;
mt : : Sca l ar angle = rz ∗TWO PI/1000;
mt : : Rotation r ( axi s , angle ) ;
vectgeomobjects [ movingObject]−> r o ta t e ( r ) ;
char s t [ 8 0 ] ;
r=vectgeomobjects [ movingObject]−>getRotat ion ( ) ;
mt : : Matrix3x3 m = r . getMatr ix ( ) ;
s p r i n t f ( st ,
”Rotation : \ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n\ t (%.1 f , %.1 f , %.1 f ) \n” ,
m[ 0 ] [ 0 ] , m[ 0 ] [ 1 ] , m[ 0 ] [ 2 ] ,
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m[ 1 ] [ 0 ] , m[ 1 ] [ 1 ] , m[ 1 ] [ 2 ] ,
m[ 2 ] [ 0 ] , m[ 2 ] [ 1 ] , m[ 2 ] [ 2 ] ) ;
textBrowserOutputText−>setText ( s t ) ;
}
geominter f ace 2 : : ˜ geominter f ace 2 ( )
{
IVScene−>unre f ( ) ;
}
#endif // GEOMINTERFACE 2 CPP //
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Ape`ndix C
La cinema`tica directa: Matlab
A continuacio´ es presenten els arxius emprats per a obtenir les expressions expl´ıcites
de posicions, eixos i orientacions emprats en el projecte, obtinguts mitjanc¸ant cinema`tica
directa.
Es mostren quatre arxius, que permeten obtenir aquells vectors que es necessitin en
funcio´ del dit que es desitji. Per a cada un dels arxius, es carrega a la variable JBA el vector,
pertanyent a una matriu de transformacio´ concreta, que es vol obtenir, i el resultat e´s aquest
vector en funcio´ de les variables que representen les articulacions que afecten al mateix.
Anular
clear a l l ;
close a l l ;
% Declaracio de v a r i a b l e s
%Pos I n i c i a l
Xb=sym( ’Xb ’ , ’ r e a l ’ ) ;
Yb=sym( ’Yb ’ , ’ r e a l ’ ) ;
Zb=sym( ’Zb ’ , ’ r e a l ’ ) ;
ALPHAb=sym( ’ALPHAb’ , ’ r e a l ’ ) ;
BETAb=sym( ’BETAb ’ , ’ r e a l ’ ) ;
GAMMAb=sym( ’GAMMAb’ , ’ r e a l ’ ) ;
%Anular
TET2A = sym( ’TET2A’ , ’ r e a l ’ ) ;
TET3A = sym( ’TET3A’ , ’ r e a l ’ ) ;
TET4A = sym( ’TET4A’ , ’ r e a l ’ ) ;
TET5IIA = sym( ’TET5IIA ’ , ’ r e a l ’ ) ;
TET6IIA = sym( ’TET6IIA ’ , ’ r e a l ’ ) ;
TET7A = sym( ’TET7A’ , ’ r e a l ’ ) ;
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% Matrius de transformacio homogenia
%Canel l
T1r0=[1 0 0 Xb; 0 1 0 Yb; 0 0 1 Zb ; 0 0 0 1 ] ;
T2r1=[1 0 0 0 ; 0 cos (ALPHAb) −sin (ALPHAb) 0 ; 0 sin (ALPHAb) cos (ALPHAb) 0 ; 0 0 0 1 ] ;
T3r2=[cos (BETAb) 0 −sin (BETAb) 0 ;0 1 0 0 ; sin (BETAb) 0 cos (BETAb) 0 ;0 0 0 1 ] ;
T4r3=[cos (GAMMAb) −sin (GAMMAb) 0 0 ; sin (GAMMAb) cos (GAMMAb) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
%Anular
T5r4a=[0 −1 0 0 ;1 0 0 0 ; 0 0 1 197 . 55 ; 0 0 0 1 ] ;
T6r5a=[cos (TET2A) −sin (TET2A) 0 −67;0 0 −1 −9.5; sin (TET2A) cos (TET2A) 0 0 ;0 0 0 1 ] ;
T7r6a=[cos (TET3A) −sin (TET3A) 0 0 ;0 0 −1 0 ; sin (TET3A) cos (TET3A) 0 0 ;0 0 0 1 ] ;
T8r7a=[cos (TET4A) −sin (TET4A) 0 7 6 . 6 6 ; sin (TET4A) cos (TET4A) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
T9r8a=[cos (TET5IIA) −sin (TET5IIA) 0 56 ; sin (TET5IIA) cos (TET5IIA) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T10r9a=[cos (TET6IIA) −sin (TET6IIA) 0 3 3 . 6 2 ; sin (TET6IIA) cos (TET6IIA) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T11r10a=[cos (TET7A) −sin (TET7A) 0 0 ;0 0 1 0;− sin (TET7A) −cos (TET7A) 0 0 ;0 0 0 1 ] ;
T12r11a=[1 0 0 20 ;0 1 0 0 ; 0 0 1 0 ; 0 0 0 1 ] ;
% CAP AL JACOBIA −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Blocs de frames
%Pos I n i c i a l
T1e0=T1r0 ;
T2e0=T1e0∗T2r1 ;
T3e0=T2e0∗T3r2 ;
T4e0=T3e0∗T4r3 ;
%Dit
T5e0pa=T4e0∗T5r4a ;
T6e0pa=T5e0pa∗T6r5a ;
T7e0pa=T6e0pa∗T7r6a ;
T8e0pa=T7e0pa∗T8r7a ;
T9e0pa=T8e0pa∗T9r8a ;
T10e0pa=T9e0pa∗T10r9a ;
T11e0pa=T10e0pa∗T11r10a ;
T12e0pa=T11e0pa∗T12r11a ;
%Pos I n i c i a l
sA=sym( ’ sA ’ , ’ r e a l ’ ) ;
cA=sym( ’cA ’ , ’ r e a l ’ ) ;
sB=sym( ’ sB ’ , ’ r e a l ’ ) ;
cB=sym( ’ cB ’ , ’ r e a l ’ ) ;
sG=sym( ’sG ’ , ’ r e a l ’ ) ;
cG=sym( ’cG ’ , ’ r e a l ’ ) ;
%Anular
s2A = sym( ’ s2A ’ , ’ r e a l ’ ) ;
c2A = sym( ’ c2A ’ , ’ r e a l ’ ) ;
s3A = sym( ’ s3A ’ , ’ r e a l ’ ) ;
c3A = sym( ’ c3A ’ , ’ r e a l ’ ) ;
s4A = sym( ’ s4A ’ , ’ r e a l ’ ) ;
c4A = sym( ’ c4A ’ , ’ r e a l ’ ) ;
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s5A = sym( ’ s5A ’ , ’ r e a l ’ ) ;
c5A = sym( ’ c5A ’ , ’ r e a l ’ ) ;
s6A = sym( ’ s6A ’ , ’ r e a l ’ ) ;
c6A = sym( ’ c6A ’ , ’ r e a l ’ ) ;
s7A = sym( ’ s7A ’ , ’ r e a l ’ ) ;
c7A = sym( ’ c7A ’ , ’ r e a l ’ ) ;
JBA = T12e0pa ( : , 1 ) ;
% SUBSTITUCIONS
% Canel l
JBA = subs (JBA, sin (ALPHAb) , sA) ;
JBA = subs (JBA, cos (ALPHAb) ,cA) ;
JBA = subs (JBA, sin (BETAb) , sB ) ;
JBA = subs (JBA, cos (BETAb) ,cB) ;
JBA = subs (JBA, sin (GAMMAb) ,sG) ;
JBA = subs (JBA, cos (GAMMAb) ,cG) ;
% Anular
JBA = subs (JBA, sin (TET2A) , s2A) ;
JBA = subs (JBA, cos (TET2A) , c2A) ;
JBA = subs (JBA, sin (TET3A) , s3A) ;
JBA = subs (JBA, cos (TET3A) , c3A) ;
JBA = subs (JBA, sin (TET4A) , s4A) ;
JBA = subs (JBA, cos (TET4A) , c4A) ;
JBA = subs (JBA, sin (TET5IIA) , s5A) ;
JBA = subs (JBA, cos (TET5IIA) , c5A) ;
JBA = subs (JBA, sin (TET6IIA) , s6A) ;
JBA = subs (JBA, cos (TET6IIA) , c6A) ;
JBA = subs (JBA, sin (TET7A) , s7A) ;
JBA = subs (JBA, cos (TET7A) , c7A) ;
JBA = vpa (JBA) ;
Mitjer
clear a l l ;
close a l l ;
% Declaracio de v a r i a b l e s
%Pos I n i c i a l
Xb=sym( ’Xb ’ , ’ r e a l ’ ) ;
Yb=sym( ’Yb ’ , ’ r e a l ’ ) ;
Zb=sym( ’Zb ’ , ’ r e a l ’ ) ;
ALPHAb=sym( ’ALPHAb’ , ’ r e a l ’ ) ;
BETAb=sym( ’BETAb ’ , ’ r e a l ’ ) ;
GAMMAb=sym( ’GAMMAb’ , ’ r e a l ’ ) ;
%Cor o mi t j e r
TET2C = sym( ’TET2C ’ , ’ r e a l ’ ) ;
TET3C = sym( ’TET3C ’ , ’ r e a l ’ ) ;
TET4C = sym( ’TET4C ’ , ’ r e a l ’ ) ;
TET5IIC = sym( ’TET5IIC ’ , ’ r e a l ’ ) ;
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TET6IIC = sym( ’TET6IIC ’ , ’ r e a l ’ ) ;
TET7C = sym( ’TET7C ’ , ’ r e a l ’ ) ;
% Matrius de transformacio homogenia
%Canel l
T1r0=[1 0 0 Xb; 0 1 0 Yb; 0 0 1 Zb ; 0 0 0 1 ] ;
T2r1=[1 0 0 0 ; 0 cos (ALPHAb) −sin (ALPHAb) 0 ; 0 sin (ALPHAb) cos (ALPHAb) 0 ; 0 0 0 1 ] ;
T3r2=[cos (BETAb) 0 −sin (BETAb) 0 ;0 1 0 0 ; sin (BETAb) 0 cos (BETAb) 0 ;0 0 0 1 ] ;
T4r3=[cos (GAMMAb) −sin (GAMMAb) 0 0 ; sin (GAMMAb) cos (GAMMAb) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
%Cor o mi t j e r
T5r4a=[0 −1 0 0 ;1 0 0 0 ; 0 0 1 197 . 55 ; 0 0 0 1 ] ;
T6r5a=[cos (TET2C) −sin (TET2C) 0 0 ;0 0 −1 −9.5; sin (TET2C) cos (TET2C) 0 0 ;0 0 0 1 ] ;
T7r6a=[cos (TET3C) −sin (TET3C) 0 0 ;0 0 −1 0 ; sin (TET3C) cos (TET3C) 0 0 ;0 0 0 1 ] ;
T8r7a=[cos (TET4C) −sin (TET4C) 0 7 6 . 6 6 ; sin (TET4C) cos (TET4C) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
T9r8a=[cos (TET5IIC) −sin (TET5IIC) 0 56 ; sin (TET5IIC) cos (TET5IIC ) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T10r9a=[cos (TET6IIC ) −sin (TET6IIC ) 0 3 3 . 6 2 ; sin (TET6IIC ) cos (TET6IIC ) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T11r10a=[cos (TET7C) −sin (TET7C) 0 0 ;0 0 1 0;− sin (TET7C) −cos (TET7C) 0 0 ;0 0 0 1 ] ;
T12r11a=[1 0 0 20 ;0 1 0 0 ; 0 0 1 0 ; 0 0 0 1 ] ;
% CAP AL JACOBIA −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Blocs de frames
%Pos I n i c i a l
T1e0=T1r0 ;
T2e0=T1e0∗T2r1 ;
T3e0=T2e0∗T3r2 ;
T4e0=T3e0∗T4r3 ;
%Dit
T5e0pa=T4e0∗T5r4a ;
T6e0pa=T5e0pa∗T6r5a ;
T7e0pa=T6e0pa∗T7r6a ;
T8e0pa=T7e0pa∗T8r7a ;
T9e0pa=T8e0pa∗T9r8a ;
T10e0pa=T9e0pa∗T10r9a ;
T11e0pa=T10e0pa∗T11r10a ;
T12e0pa=T11e0pa∗T12r11a ;
%Pos I n i c i a l
sA=sym( ’ sA ’ , ’ r e a l ’ ) ;
cA=sym( ’cA ’ , ’ r e a l ’ ) ;
sB=sym( ’ sB ’ , ’ r e a l ’ ) ;
cB=sym( ’ cB ’ , ’ r e a l ’ ) ;
sG=sym( ’sG ’ , ’ r e a l ’ ) ;
cG=sym( ’cG ’ , ’ r e a l ’ ) ;
%Cor o mi t j e r
s2C = sym( ’ s2C ’ , ’ r e a l ’ ) ;
c2C = sym( ’ c2C ’ , ’ r e a l ’ ) ;
s3C = sym( ’ s3C ’ , ’ r e a l ’ ) ;
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c3C = sym( ’ c3C ’ , ’ r e a l ’ ) ;
s4C = sym( ’ s4C ’ , ’ r e a l ’ ) ;
c4C = sym( ’ c4C ’ , ’ r e a l ’ ) ;
s5C = sym( ’ s5C ’ , ’ r e a l ’ ) ;
c5C = sym( ’ c5C ’ , ’ r e a l ’ ) ;
s6C = sym( ’ s6C ’ , ’ r e a l ’ ) ;
c6C = sym( ’ c6C ’ , ’ r e a l ’ ) ;
s7C = sym( ’ s7C ’ , ’ r e a l ’ ) ;
c7C = sym( ’ c7C ’ , ’ r e a l ’ ) ;
JBA = T12e0pa ( : , 1 ) ;
% SUBSTITUCIONS
% Canel l
JBA = subs (JBA, sin (ALPHAb) , sA) ;
JBA = subs (JBA, cos (ALPHAb) ,cA) ;
JBA = subs (JBA, sin (BETAb) , sB ) ;
JBA = subs (JBA, cos (BETAb) ,cB) ;
JBA = subs (JBA, sin (GAMMAb) ,sG) ;
JBA = subs (JBA, cos (GAMMAb) ,cG) ;
% Cor o mi t j e r
JBA = subs (JBA, sin (TET2C) , s2C ) ;
JBA = subs (JBA, cos (TET2C) , c2C ) ;
JBA = subs (JBA, sin (TET3C) , s3C ) ;
JBA = subs (JBA, cos (TET3C) , c3C ) ;
JBA = subs (JBA, sin (TET4C) , s4C ) ;
JBA = subs (JBA, cos (TET4C) , c4C ) ;
JBA = subs (JBA, sin (TET5IIC) , s5C ) ;
JBA = subs (JBA, cos (TET5IIC) , c5C ) ;
JBA = subs (JBA, sin (TET6IIC) , s6C ) ;
JBA = subs (JBA, cos (TET6IIC) , c6C ) ;
JBA = subs (JBA, sin (TET7C) , s7C ) ;
JBA = subs (JBA, cos (TET7C) , c7C ) ;
JBA = vpa (JBA) ;
I´ndex
clear a l l ;
close a l l ;
% Declaracio de v a r i a b l e s
%Pos I n i c i a l
Xb=sym( ’Xb ’ , ’ r e a l ’ ) ;
Yb=sym( ’Yb ’ , ’ r e a l ’ ) ;
Zb=sym( ’Zb ’ , ’ r e a l ’ ) ;
ALPHAb=sym( ’ALPHAb’ , ’ r e a l ’ ) ;
BETAb=sym( ’BETAb ’ , ’ r e a l ’ ) ;
GAMMAb=sym( ’GAMMAb’ , ’ r e a l ’ ) ;
%Index
TET2i = sym( ’TET2i ’ , ’ r e a l ’ ) ;
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TET3i = sym( ’TET3i ’ , ’ r e a l ’ ) ;
TET4i = sym( ’TET4i ’ , ’ r e a l ’ ) ;
TET5IIi = sym( ’ TET5IIi ’ , ’ r e a l ’ ) ;
TET6IIi = sym( ’ TET6IIi ’ , ’ r e a l ’ ) ;
TET7i = sym( ’TET7i ’ , ’ r e a l ’ ) ;
% Matrius de transformacio homogenia
%Canel l
T1r0=[1 0 0 Xb; 0 1 0 Yb; 0 0 1 Zb ; 0 0 0 1 ] ;
T2r1=[1 0 0 0 ; 0 cos (ALPHAb) −sin (ALPHAb) 0 ; 0 sin (ALPHAb) cos (ALPHAb) 0 ; 0 0 0 1 ] ;
T3r2=[cos (BETAb) 0 −sin (BETAb) 0 ;0 1 0 0 ; sin (BETAb) 0 cos (BETAb) 0 ;0 0 0 1 ] ;
T4r3=[cos (GAMMAb) −sin (GAMMAb) 0 0 ; sin (GAMMAb) cos (GAMMAb) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
%Index
T5r4a=[0 −1 0 0 ;1 0 0 0 ; 0 0 1 197 . 55 ; 0 0 0 1 ] ;
T6r5a=[cos (TET2i ) −sin (TET2i ) 0 67 ; 0 0 −1 −9.5; sin (TET2i ) cos (TET2i ) 0 0 ; 0 0 0 1 ] ;
T7r6a=[cos (TET3i ) −sin (TET3i ) 0 0 ; 0 0 −1 0 ; sin (TET3i ) cos (TET3i ) 0 0 ; 0 0 0 1 ] ;
T8r7a=[cos (TET4i ) −sin (TET4i ) 0 7 6 . 6 6 ; sin (TET4i ) cos (TET4i ) 0 0 ; 0 0 1 0 ; 0 0 0 1 ] ;
T9r8a=[cos ( TET5IIi ) −sin ( TET5IIi ) 0 56 ; sin ( TET5IIi ) cos ( TET5IIi ) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T10r9a=[cos ( TET6IIi ) −sin ( TET6IIi ) 0 3 3 . 6 2 ; sin ( TET6IIi ) cos ( TET6IIi ) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T11r10a=[cos (TET7i ) −sin (TET7i ) 0 0 ; 0 0 1 0;− sin (TET7i ) −cos (TET7i ) 0 0 ; 0 0 0 1 ] ;
T12r11a=[1 0 0 20 ;0 1 0 0 ; 0 0 1 0 ; 0 0 0 1 ] ;
% CAP AL JACOBIA −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Blocs de frames
%Pos I n i c i a l
T1e0=T1r0 ;
T2e0=T1e0∗T2r1 ;
T3e0=T2e0∗T3r2 ;
T4e0=T3e0∗T4r3 ;
%Dit
T5e0pa=T4e0∗T5r4a ;
T6e0pa=T5e0pa∗T6r5a ;
T7e0pa=T6e0pa∗T7r6a ;
T8e0pa=T7e0pa∗T8r7a ;
T9e0pa=T8e0pa∗T9r8a ;
T10e0pa=T9e0pa∗T10r9a ;
T11e0pa=T10e0pa∗T11r10a ;
T12e0pa=T11e0pa∗T12r11a ;
%Pos I n i c i a l
sA=sym( ’ sA ’ , ’ r e a l ’ ) ;
cA=sym( ’cA ’ , ’ r e a l ’ ) ;
sB=sym( ’ sB ’ , ’ r e a l ’ ) ;
cB=sym( ’ cB ’ , ’ r e a l ’ ) ;
sG=sym( ’sG ’ , ’ r e a l ’ ) ;
cG=sym( ’cG ’ , ’ r e a l ’ ) ;
%Index
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s 2 I = sym( ’ s 2 I ’ , ’ r e a l ’ ) ;
c2 I = sym( ’ c2 I ’ , ’ r e a l ’ ) ;
s 3 I = sym( ’ s 3 I ’ , ’ r e a l ’ ) ;
c3 I = sym( ’ c3 I ’ , ’ r e a l ’ ) ;
s 4 I = sym( ’ s 4 I ’ , ’ r e a l ’ ) ;
c4 I = sym( ’ c4 I ’ , ’ r e a l ’ ) ;
s 5 I = sym( ’ s 5 I ’ , ’ r e a l ’ ) ;
c5 I = sym( ’ c5 I ’ , ’ r e a l ’ ) ;
s 6 I = sym( ’ s 6 I ’ , ’ r e a l ’ ) ;
c6 I = sym( ’ c6 I ’ , ’ r e a l ’ ) ;
s 7 I = sym( ’ s 7 I ’ , ’ r e a l ’ ) ;
c7 I = sym( ’ c7 I ’ , ’ r e a l ’ ) ;
JBA = T12e0pa ( : , 1 ) ;
% SUBSTITUCIONS
% Canel l
JBA = subs (JBA, sin (ALPHAb) , sA) ;
JBA = subs (JBA, cos (ALPHAb) ,cA) ;
JBA = subs (JBA, sin (BETAb) , sB ) ;
JBA = subs (JBA, cos (BETAb) ,cB) ;
JBA = subs (JBA, sin (GAMMAb) ,sG) ;
JBA = subs (JBA, cos (GAMMAb) ,cG) ;
% Index
JBA = subs (JBA, sin (TET2i ) , s 2 I ) ;
JBA = subs (JBA, cos (TET2i ) , c2 I ) ;
JBA = subs (JBA, sin (TET3i ) , s 3 I ) ;
JBA = subs (JBA, cos (TET3i ) , c3 I ) ;
JBA = subs (JBA, sin (TET4i ) , s 4 I ) ;
JBA = subs (JBA, cos (TET4i ) , c4 I ) ;
JBA = subs (JBA, sin ( TET5IIi ) , s 5 I ) ;
JBA = subs (JBA, cos ( TET5IIi ) , c5 I ) ;
JBA = subs (JBA, sin ( TET6IIi ) , s 6 I ) ;
JBA = subs (JBA, cos ( TET6IIi ) , c6 I ) ;
JBA = subs (JBA, sin (TET7i ) , s 7 I ) ;
JBA = subs (JBA, cos (TET7i ) , c7 I ) ;
JBA = vpa (JBA) ;
Polze
clear a l l ;
close a l l ;
% Declaracio de v a r i a b l e s
%Pos I n i c i a l
Xb=sym( ’Xb ’ , ’ r e a l ’ ) ;
Yb=sym( ’Yb ’ , ’ r e a l ’ ) ;
Zb=sym( ’Zb ’ , ’ r e a l ’ ) ;
ALPHAb=sym( ’ALPHAb’ , ’ r e a l ’ ) ;
BETAb=sym( ’BETAb ’ , ’ r e a l ’ ) ;
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GAMMAb=sym( ’GAMMAb’ , ’ r e a l ’ ) ;
%Polze
TET2P = sym( ’TET2P ’ , ’ r e a l ’ ) ;
TET3P = sym( ’TET3P ’ , ’ r e a l ’ ) ;
TET4P = sym( ’TET4P ’ , ’ r e a l ’ ) ;
TET5IP = sym( ’TET5IP ’ , ’ r e a l ’ ) ;
TET6IP = sym( ’TET6IP ’ , ’ r e a l ’ ) ;
TET7P = sym( ’TET7P ’ , ’ r e a l ’ ) ;
% Matrius de transformacio homogenia
%Canel l
T1r0=[1 0 0 Xb; 0 1 0 Yb; 0 0 1 Zb ; 0 0 0 1 ] ;
T2r1=[1 0 0 0 ; 0 cos (ALPHAb) −sin (ALPHAb) 0 ; 0 sin (ALPHAb) cos (ALPHAb) 0 ; 0 0 0 1 ] ;
T3r2=[cos (BETAb) 0 −sin (BETAb) 0 ;0 1 0 0 ; sin (BETAb) 0 cos (BETAb) 0 ;0 0 0 1 ] ;
T4r3=[cos (GAMMAb) −sin (GAMMAb) 0 0 ; sin (GAMMAb) cos (GAMMAb) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
%Polze
T5r4a=[cos ((−44.56) ∗( pi /180) ) −sin ((−44.56) ∗( pi /180) ) 0 0 ;
sin ((−44.56) ∗( pi /180) ) cos ((−44.56) ∗( pi /180) ) 0 0 ; 0 0 1 264;0 0 0 1 ] ;
T6r5a=[cos (TET2P) −sin (TET2P) 0 7 . 5 6 ;
cos ( 14 . 11∗ ( pi /180) ) ∗ sin (TET2P) cos ( 14 . 11∗ ( pi /180) ) ∗cos (TET2P)
−sin ( 14 . 11∗ ( pi /180) ) 203.32∗ sin ( 14 . 11∗ ( pi /180) ) ;
sin ( 14 . 11∗ ( pi /180) ) ∗ sin (TET2P) sin ( 14 . 11∗ ( pi /180) ) ∗cos (TET2P)
cos ( 14 . 11∗ ( pi /180) ) −203.32∗ cos ( 14 . 11∗ ( pi /180) ) ;
0 0 0 1 ] ;
T7r6a=[cos (TET3P) −sin (TET3P) 0 0 ;0 0 −1 0 ; sin (TET3P) cos (TET3P) 0 0 ;0 0 0 1 ] ;
T8r7a=[cos (TET4P) −sin (TET4P) 0 7 6 . 6 6 ; sin (TET4P) cos (TET4P) 0 0 ;0 0 1 0 ; 0 0 0 1 ] ;
T9r8a=[cos (TET5IP) −sin (TET5IP) 0 66 ; sin (TET5IP) cos (TET5IP) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T10r9a=[cos (TET6IP) −sin (TET6IP) 0 3 9 . 1 7 ; sin (TET6IP) cos (TET6IP) 0 0 ; 0 0 1 0 ;
0 0 0 1 ] ;
T11r10a=[cos (TET7P) −sin (TET7P) 0 0 ;0 0 1 0;− sin (TET7P) −cos (TET7P) 0 0 ;0 0 0 1 ] ;
T12r11a=[1 0 0 20 ;0 1 0 0 ; 0 0 1 0 ; 0 0 0 1 ] ;
% CAP AL JACOBIA −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
% Blocs de frames
%Pos I n i c i a l
T1e0=T1r0 ;
T2e0=T1e0∗T2r1 ;
T3e0=T2e0∗T3r2 ;
T4e0=T3e0∗T4r3 ;
%Dit
T5e0pa=T4e0∗T5r4a ;
T6e0pa=T5e0pa∗T6r5a ;
T7e0pa=T6e0pa∗T7r6a ;
T8e0pa=T7e0pa∗T8r7a ;
T9e0pa=T8e0pa∗T9r8a ;
T10e0pa=T9e0pa∗T10r9a ;
T11e0pa=T10e0pa∗T11r10a ;
T12e0pa=T11e0pa∗T12r11a ;
%Pos I n i c i a l
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sA=sym( ’sA ’ , ’ r e a l ’ ) ;
cA=sym( ’cA ’ , ’ r e a l ’ ) ;
sB=sym( ’ sB ’ , ’ r e a l ’ ) ;
cB=sym( ’cB ’ , ’ r e a l ’ ) ;
sG=sym( ’sG ’ , ’ r e a l ’ ) ;
cG=sym( ’cG ’ , ’ r e a l ’ ) ;
%Polze
s2P = sym( ’ s2P ’ , ’ r e a l ’ ) ;
c2P = sym( ’ c2P ’ , ’ r e a l ’ ) ;
s3P = sym( ’ s3P ’ , ’ r e a l ’ ) ;
c3P = sym( ’ c3P ’ , ’ r e a l ’ ) ;
s4P = sym( ’ s4P ’ , ’ r e a l ’ ) ;
c4P = sym( ’ c4P ’ , ’ r e a l ’ ) ;
s5P = sym( ’ s5P ’ , ’ r e a l ’ ) ;
c5P = sym( ’ c5P ’ , ’ r e a l ’ ) ;
s6P = sym( ’ s6P ’ , ’ r e a l ’ ) ;
c6P = sym( ’ c6P ’ , ’ r e a l ’ ) ;
s7P = sym( ’ s7P ’ , ’ r e a l ’ ) ;
c7P = sym( ’ c7P ’ , ’ r e a l ’ ) ;
JBA = T12e0pa ( : , 1 ) ;
% SUBSTITUCIONS
% Canel l
JBA = subs (JBA, sin (ALPHAb) , sA) ;
JBA = subs (JBA, cos (ALPHAb) ,cA) ;
JBA = subs (JBA, sin (BETAb) , sB ) ;
JBA = subs (JBA, cos (BETAb) ,cB) ;
JBA = subs (JBA, sin (GAMMAb) ,sG) ;
JBA = subs (JBA, cos (GAMMAb) ,cG) ;
% Polze
JBA = subs (JBA, sin (TET2P) , s2P ) ;
JBA = subs (JBA, cos (TET2P) , c2P ) ;
JBA = subs (JBA, sin (TET3P) , s3P ) ;
JBA = subs (JBA, cos (TET3P) , c3P ) ;
JBA = subs (JBA, sin (TET4P) , s4P ) ;
JBA = subs (JBA, cos (TET4P) , c4P ) ;
JBA = subs (JBA, sin (TET5IP) , s5P ) ;
JBA = subs (JBA, cos (TET5IP) , c5P ) ;
JBA = subs (JBA, sin (TET6IP) , s6P ) ;
JBA = subs (JBA, cos (TET6IP) , c6P ) ;
JBA = subs (JBA, sin (TET7P) , s7P ) ;
JBA = subs (JBA, cos (TET7P) , c7P ) ;
JBA = vpa (JBA) ;
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Ape`ndix D
El model simplificat de la ma`: fitxers
inventor
Tot seguit es mostren els fitxers que contenen els elements del model tridimensional de
la ma` i dels punts de contacte que s’empra per al testeig de col·lisions. De fet s’han creat
dos models, un que conte´ la ma` u´nicament, i un segon que conte´ el model tridimensional de
la ma` i els punts de contacte.
En primer lloc es mostra el fitxer que carrega els fitxers inventor del model de la ma`; en
segon lloc, el que carrega la ma` i els punts de contacte de l’objecte. Aquests dos fitxers so´n
fitxers XML.
Finalment es presenten els fitxers inventor (amb extensio´ .iv) que contenen les dimensions
i color de cada falange i tou dels dits, del palmell i dels punts de contacte de l’objecte.
D.1 Fitxers XML de ca`rrega
Ma`: mai v2.xml
<?xml version=” 1.0 ” encoding=”UTF−8”?>
<Scene>
< !−− ANULAR −−>
<Geomobject>
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<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 1 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 2 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 3 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / s ph e r e f t a . i v ”>
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</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− COR −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 1 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 2 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
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</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 3 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ spher e f t m . iv ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− INDEX −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 1 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
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</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 2 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 3 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ s p h e r e f t i . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
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<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− POLZE −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 1 t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 2 t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 3 t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
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</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ s p h e r e f t t . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− PALMELL −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / pa lme l l . i v ”>
</ F i l e>
Object F i l e
<Type T=”cube”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.578 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
</Scene>
Ma` i punts de contacte: mai pod v2.xml
<?xml version=” 1.0 ” encoding=”UTF−8”?>
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<Scene>
< !−− ANULAR −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 1 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 2 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / c y l i n d e r f 3 a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
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<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / anular / s ph e r e f t a . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− COR −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 1 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 2 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
34 Determinacio´ de configuracions d’un conjunt robot/ma`-meca`nica per a la presa d’objectes
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ cy l i nde r f 3 m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /middle/ spher e f t m . iv ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− INDEX −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 1 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
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Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 2 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 1.7 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ c y l i n d e r f 3 i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.8 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 1.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / index/ s p h e r e f t i . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
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</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− POLZE −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 1 t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 2 t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ c y l i n d e r f 3 t . i v ”>
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</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /thumb/ s p h e r e f t t . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
< !−− PALMELL −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma / pa lme l l . i v ”>
</ F i l e>
Object F i l e
<Type T=”cube”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.578 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
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< !−− POD −−>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ spher e pod a . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ cy l i nde r pod a . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ sphere pod m . iv ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
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</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ cyl inder pod m . iv ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ sphe r e pod i . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ cy l i n d e r p od i . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
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<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ spher e pod t . i v ”>
</ F i l e>
Object F i l e
<Type T=” sphere ”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 1.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
I n i t i a l Conf i gurat i on o f the robot
</ Conf i gurat i on>
<Prope r t i e s p1=” 20 .0 ” p2=” ” p3=” ”>
p1 conta ins Sphere rad ius − p2 and p3 not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
<Geomobject>
<F i l e o b j e c t f i l e=” objects ma /pod/ cy l i nde r pod t . i v ”>
</ F i l e>
Object F i l e
<Type T=”mesh”>
Type o f geomobject
</Type>
<Conf i gurat i on TH=” 0.0 ” WZ=” 0.0 ” WY=” 0.0 ” WX=” 0.0 ” Z=” 0 .0 ” Y=” 0.0 ” X=” 0.0 ”>
Object Pos i t i on and Or i entat i on
</ Conf i gurat i on>
<Prope r t i e s p1=” ” p2=” ” p3=” ”>
not used
</ Pr ope r t i e s>
<Sca l e s f=” 1 .0 ”>
Sca l e f a c t o r to be app l i ed to the i v f i l e
</ Sca l e>
</Geomobject>
</Scene>
D.2 Fitxers inventor
Palmell: palmell.iv
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#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 1 . 0 1 . 0
}
Cube {
width 174.4
he i ght 200.0
depth 40 .0
}
}
Anular - Falange proximal: cylinder f1 a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 1 . 0 0 . 2
}
Cyl inder {
r ad ius 20 . 0
he i ght 76 . 6
}
}
Anular - Falangeta: cylinder f2 a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 1 . 0 0 . 2
}
Cyl inder {
r ad ius 20 . 0
he i ght 56 . 0
}
}
Anular - Falangina: cylinder f3 a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 1 . 0 0 . 2
}
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Cyl inder {
r ad ius 20 . 0
he i ght 33.62
}
}
Anular - Tou: sphere ft a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 1 . 0 0 . 2
}
Sphere {
r ad ius 20 . 0
}
}
Mitjer - Falange proximal: cylinder f1 m.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 75 1 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 76 . 6
}
}
Mitjer - Falangeta: cylinder f2 m.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 75 1 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 56 . 0
}
}
Mitjer - Falangina: cylinder f3 m.iv
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#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 75 1 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 33.62
}
}
Mitjer - Tou: sphere ft m.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 75 1 . 0
}
Sphere {
r ad ius 20 . 0
}
}
I´ndex - Falange proximal: cylinder f1 i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 0 . 35 0 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 76 . 6
}
}
I´ndex - Falangeta: cylinder f2 i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 0 . 35 0 . 0
}
Cyl inder {
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r ad ius 20 . 0
he i ght 56 . 0
}
}
I´ndex - Falangina: cylinder f3 i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 0 . 35 0 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 33.62
}
}
I´ndex - Tou: sphere ft i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 0 . 35 0 . 0
}
Sphere {
r ad ius 20 . 0
}
}
Polze - Falange proximal: cylinder f1 t.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 1 . 0 0 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 76 . 6
}
}
Polze - Falangeta: cylinder f2 t.iv
#Inventor V2. 1 a s c i i
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Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 1 . 0 0 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 66 . 0
}
}
Polze - Falangina: cylinder f3 t.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 1 . 0 0 . 0
}
Cyl inder {
r ad ius 20 . 0
he i ght 39.17
}
}
Polze - Tou: sphere ft t.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 1 . 0 1 . 0 0 . 0
}
Sphere {
r ad ius 20 . 0
}
}
Punts de contacte de l’objecte - Anular - Esfera: sphere pod a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 6 0 . 0
}
Sphere {
r ad ius 20 . 0
}
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}
Punts de contacte de l’objecte - Anular - Cil´ındre: cylinder pod a.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 6 0 . 0
}
Cyl inder {
r ad ius 5 . 0
he i ght 40 . 0
}
}
Punts de contacte de l’objecte - Mitjer - Esfera: sphere pod m.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 35 0 . 6
}
Sphere {
r ad ius 20 . 0
}
}
Punts de contacte de l’objecte - Mitjer - Cil´ındre: cylinder pod m.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 0 0 . 35 0 . 6
}
Cyl inder {
r ad ius 5 . 0
he i ght 40 . 0
}
}
Punts de contacte de l’objecte - I´ndex - Esfera: sphere pod i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
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d i f f u s eCo l o r 0 . 7 0 . 05 0 . 0
}
Sphere {
r ad ius 20 . 0
}
}
Punts de contacte de l’objecte - I´ndex - Cil´ındre: cylinder pod i.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 7 0 . 05 0 . 0
}
Cyl inder {
r ad ius 5 . 0
he i ght 40 . 0
}
}
Punts de contacte de l’objecte - Polze - Esfera: sphere pod t.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 6 0 . 6 0 . 0
}
Sphere {
r ad ius 20 . 0
}
}
Punts de contacte de l’objecte - Polze - Cil´ındre: cylinder pod t.iv
#Inventor V2. 1 a s c i i
Separator {
Mater i a l {
d i f f u s eCo l o r 0 . 6 0 . 6 0 . 0
}
Cyl inder {
r ad ius 5 . 0
he i ght 40 . 0
}
}
